The aims of this work were to evaluate the in vitro and in vivo schistosomicidal properties of the methanolic extract of the aerial parts of Mitracarpus frigidus (MFM) and to determine its HPLC profile. For the in vitro experiment, four pairs of adult worms, obtained from infected mice, were exposed to different concentrations of MFM (100 to 400 g/mL) for 24 and 48 h and analyzed under an inverted microscope. For the in vivo experiment, mice were inoculated with cercariae and, 20 days after infection, MFM (100 and 300 mg/kg) was administered orally for the following 25 days. Mice were euthanized after 60 days. MFM showed in vitro schistosomicidal activity, exhibiting the opening of the gynaecophoral canal of some male schistosomes, the presence of contorted muscles, vesicles, and the darkening of the paired worms skin. In vivo experiments showed that MFM treatments significantly reduced total worm count, as praziquantel, showing a decrease in liver and spleen weight. Also, a significant reduction in granuloma density was observed. MFM treatment did not cause alterations in the liver function of either infected or noninfected mice. The HPLC chromatogram profile showed the presence of kaempferol-O-rutinoside, rutin, kaempferol, psychorubrin, and ursolic acid.
Introduction
Schistosomiasis, an infection caused by trematode worms of the genus Schistosoma, is considered one of the most significant neglected tropical diseases in the world [1] . It is estimated that 779 million people are at risk for schistosomiasis, with 230 million infected in 77 countries and territories [1] [2] [3] .
The current treatment is based on the use of praziquantel and oxamniquine [4, 5] . Those drugs are effective against all species of schistosome; however, they do not prevent reinfection, are inactive against juvenile schistosomes, and have only a limited effect on the already developed liver and spleen lesions [6] [7] [8] . Praziquantel has a key role in population based disease control programs in most endemic countries [3, 9, 10] . The in vitro mechanism of action of this drug on adult S. mansoni worms has been well-described in the literature. This drug can cause muscle contraction and promote the immediate death of adult worms, miracidia, and primary sporocysts [11, 12] . However, the worryingly small portfolio of treatment options and the inevitability of resistance now that mass-administration programmes are in effect [13, 14] and the hemorrhage caused by this drug in the host lung tissue, as well as abdominal pain and diarrhea [15, 16] , reinforce the need to develop new, safe, and effective schistosomicidal drugs. In this regard, the search for bioactive natural products against the schistosome has been intensified to establish future strategies to control schistosomiasis [17] [18] [19] [20] .
Mitracarpus frigidus (Willd. ex Roem. & Schult.) K. Shum is a species of the family Rubiaceae found throughout South America and, in Brazil, this species can be found in all states [21] . The methanolic extract of aerial parts (MFM) revealed the presence of flavonoids, tannins, alkaloids, terpenes, and quinones and showed antimicrobial, leishmanicidal, cytotoxic, and laxative activities. Moreover, MFM revealed no toxicity signs in rat models [22, 23] . Recently, the pyranonaphthoquinone psychorubrin was firstly isolated from this species [24] .
However, there is no scientific report available in the literature on the anti-Schistosoma mansoni activity of M. frigidus. In view of this, the present study aimed to investigate the in vitro and in vivo shistosomicidal activity of the M. frigidus methanolic extract (MFM) obtained from the aerial parts in Schistosoma mansoni-infected mice. Furthermore, hematological, biochemical, and parasitological parameters were also determined.
Materials and Methods

Plant Material and Extraction.
Mitracarpus frigidus aerial parts, collected in Juiz de Fora, Minas Gerais, Brazil, in May 2011, were identified by Dr. Tatiana Konno from the Nucleus of Ecology and Socio-Environmental Development of Macaé, Federal University of Rio de Janeiro. A voucher specimen (CESJ 46076) was deposited at the Herbarium Leopoldo Krieger of the Federal University of Juiz de Fora. Oven-dried and powdered aerial parts of the plant (1000 g) were extracted by maceration with methanol (5 × 2000 mL) for five days at room temperature and the methanolic extract (MFM) was obtained by evaporation (yield 10% w/w).
In Vitro Studies with Schistosoma mansoni.
Swiss mice were individually infected subcutaneously with 100 cercariae/animal of the LE strain of Schistosoma mansoni (FIOCRUZ, Belo Horizonte, Brazil) in order to obtain the adult worms. The type of infection realized was bisexual, resulting in adult male and female worms. After 50 days, the infected animals were euthanized using a solution of 3% sodium pentobarbital (30 L/animal), and the worms were obtained by hepatic portal system perfusion according to the technique described by Smithers and Terry [25] . The Ethical Committee of the Federal University of Juiz de Fora, Juiz de Fora, MG, Brazil, protocol number 017/2009, approved these studies.
Viability Assay.
All the procedures conducted after worm extraction were made under aseptic conditions, including equipment and solutions. The worms were washed in RPMI-1640 medium to remove the perfusion detritus. After washing, four live worm pairs showing intense motility were transferred to each well of a 24-well culture plate containing 4 mL of RPMI-1640 medium supplemented with 5% of fetal calf serum and 100 g/mL of penicillin/streptomycin [26] . The pairs were exposed to increasing concentrations of MFM (100, 200, and 400 g/mL), and the worms were kept in contact with the extracts for 24 h. In the first experiment, the analyses were performed 6 and 24 h after the addition of 200 or 400 g/mL of MFM and 24 h after removal of the extracts. In the second experiment, the analyses were conducted 24 h after the addition of 100 or 200 g/mL of MFM and 24 and 48 h after their removal. After removal of the extracts, the worms were washed three times with the culture medium and then maintained in culture. In both experiments, the negative control group was included, comprising four pairs of worms in each well, in the presence of 1% DMSO (v/v) in 0.9% NaCl solution. During the entire assay, the worms were maintained in an incubator at 37 ∘ C and an atmosphere containing 5% of CO 2 . Four independent experiments were performed. Analyses were carried out using an inverted Olympus microscope and photographed with digital camera Canon.
In Vivo Schistosomicidal Analyses
Experimental Design.
Eighty female Swiss mice, weighing between 20 and 30 g, were used in this experiment. The mice were divided into eight groups ( = 10): four groups treated and noninfected and four groups treated and infected. The animal groups were infected with approximately 50 cercariae/animal (LE/BH strain), as described by Araújo et al. [10] . To evaluate the possible toxicity of the different treatments, noninfected animals were divided into (A) negative control group treated with a 1% DMSO (v/v) in 0.9% NaCl solution, (B) positive control group treated with praziquantel (200 mg/kg), and (C) and (D) groups treated with MFM at 100 and 300 mg/kg diluted with saline + 1% DMSO, respectively. The infected animals were divided into (E) negative control group treated with a DMSO 1% (v/v) in NaCl 0.9% solution, (F) positive control group treated with praziquantel (200 mg/kg), and (G) and (H) groups treated with MFM at 100 and 300 mg/kg diluted with saline + 1% DMSO, respectively. All of the treatments started on the twentieth day after infection. MFM and the negative control were administered in one daily dose for 25 days. The positive control, praziquantel, was administered in a single dose. At the end of the treatment period, the animals were maintained for a period of 15 days, completing 60 days of infection.
Determination of Parasite Load and Biochemical and
Hematological Parameters. After 60 days of cercarial exposure, all animals were weighed and anesthetized and blood samples were collected for assessment of biochemical and hematological parameters. Immediately after this procedure, the animals were euthanized, and the adult worms recovered from the portal and mesenteric veins by perfusion. In addition, the liver and spleen were removed and weighed. The measurement of biochemical parameters was performed using commercial kits (BIOCLIN and LABTEST) and included aspartate aminotransferase (AST), alanine aminotransferase (ALT), alkaline phosphatase (ALP), total protein, albumin, and globulin. Hematological parameters (total and specific leukocytes count) were also performed.
Histological Analysis.
Transverse sections of all liver lobes of infected mice ( = 5 per group) were collected, fixed in 4% buffered formaldehyde solution, and embedded in paraffin. Sections of 5-10 m were stained with haematoxylin and eosin (H&E). For the evaluation of granuloma density, stained slides were observed using bright field microscopy and all granulomas containing central viable eggs were quantified. All evaluations were blind performed by two different observers [27] . The area of hepatic granuloma was determined in histological sections from 20 to 30 granulomas per animal, containing central viable eggs, randomly chosen. The granuloma area was manually delimited, captured by a CCD camera using bright field microscopy, and automatically processed with IMAGE-PROPLUS.
High Pressure Liquid Chromatography (HPLC) Analysis.
HPLC analysis was performed using an Agilent Technologies 1200 Series, with a PDA detector and an automatic injector. The column employed was a Zorbax SB-18; 250 × 4.6 mm, 5 m particle size. Solvents that constituted the mobile phase were A (water pH adjusted to 4.0 with H 3 PO 4 ) and B (acetonitrile). The elution conditions applied were 0-20 min, 5-80% B and 20-30 min, 80-95% B. The mobile phase was returned to the original composition over the course of 30 min, and an additional 5 min was allowed for the column to reequilibrate before injection of the next sample. The sample volume was 20 L at a concentration of 1 mg/mL and a flow rate of 1 mL/min and the temperature was maintained at 25 ∘ C during the analysis. Detection was performed simultaneously at 210, 230, 254, and 280 nm. Four pure standards kaempferol, kaempferol-O-rutinoside, rutin, and ursolic acid, previously identified in Mitracarpus genus [28, 29] , were used in this experiment as markers, and psychorubrin which was isolated from this species was also added [24] . For all experiments, MFM and the standards were dissolved in methanol.
Statistical Analysis.
Values are presented as means ± SEM. Statistical differences between the treatments and the controls were tested by one-way analysis of variance (ANOVA), followed by the Bonferroni test using the "GraphPad Prism 4" statistic computer program. A difference in the mean values of < 0.05 was considered to be statistically significant.
Results and Discussion
In Vitro Studies with Schistosoma mansoni.
The profile of the damage caused by the exposure of the adult worms of S. mansoni to medicinal plants extracts can be determined through the observation of reduced motility, incapacity of adhesion in the culture plate by sucker cup, and tegument darkening [10, 12, 30, 31] . When the motility is lost, the worms can be considered dead [26] .
The morphological characteristics of the paired worms of S. mansoni maintained in culture medium with 1% DMSO (v/v) in 0.9% NaCl solution (negative control group) and in the presence of MFM (100 g/mL) are shown in Figure 1 . After 48 h exposure, the pairs of worms in the control group (Figures 1(a) and 1(b) ) continued mating and showing active movements, without lesions in the tegument, with the presence of eggs in the culture medium. On the other hand, after 24 h of exposure to MFM at concentrations of 100, 200, and 400 g/mL, the worms showed complete paralysis, including the loss of movement of the suction cups with darkening in the tegument and the death of all parasites. Figures 1(c) , 1(d), 1(e), and 1(f) show the morphological changes occurring after exposure of pairs of adult worms to MFM at 100 g/mL. These changes included the opening of the gynecophoral canal of some males (Figure 1(c) ), the presence of males and females with contorted muscles, the darkening of the skin (Figure 1(d) ), and the presence of vesicles in some skin formation (Figures 1(e) and 1(f) ). This type of damage was also observed at the concentrations of 200 and 400 g/mL of MFM (data not shown).
Therefore, due to the promising activity observed for MFM against adult worms for the in vitro experiments, in vivo studies were performed to observe its therapeutic potential and toxicity.
In Vivo Schistosomicidal
Activity. In order to investigate the effect of MFM treatment on body weight gain of both normal and S. mansoni-infected mice, body weight was measured after 60 days of treatment. No significant difference was observed between infected and normal mice (Table 1) . S. mansoni infection is caused by cercariae penetration in the human skin and the symptoms are due to eggs that migrate to the liver, being secreted by worms living in the mesenteric and portal veins which leads to hepatosplenomegaly [19, [32] [33] [34] . Therefore, in order to examine the effect of MFM on hepatosplenomegaly, the liver and spleen were excised from dissected mice after perfusion and weighed and the relative weight percentage was calculated. As shown in Table 1 , there was no significant difference in the liver and spleen relative weights among the noninfected mice groups. Although the infected mice presented an increase in liver and spleen weights, the groups treated with MFM (Groups G and H) showed a significant decrease in both liver and spleen relative weights when compared to the respective negative control (Group E). Those results indicated that MFM treatment reduced the increase in the organs weights induced by S. mansoni infection.
In addition, a significant reduction in granuloma density was observed in the groups treated with MFM (Groups G and H) when compared with the respective negative control (Group E). These results were comparable to that found for the mice treated with praziquantel (Table 1 and Figure 2) .
Histological examination of the H&E stained liver sections showed that the granulomas of the infected negative control group (Group E) were composed of central ova surrounded by inflammatory cells associated with laminated layers of fibrous tissue at the periphery. In addition, severe necrosis was observed in the hepatic tissue (Figure 2(a) ). On the other hand, the granulomas of the infected, treated mice (Groups F, G, and H) were observed as a concentric focus of mononuclear and polymorphonuclear cells around the egg, and the laminated layers of fibrous connective tissue nearly disappeared. Minimal microvascular changes and no hepatocyte necrosis were observed in the liver sections of those mice (Figures 2(b) , 2(c), and 2(d)).
In order to evaluate the in vivo schistosomicidal effect of MFM, 60 days after cercarial exposure, the adult worms of S. mansoni-infected mice were recovered from the portal and mesenteric veins by perfusion and counted. As shown in Table 2 , MFM treatments (100 and 300 mg/kg) significantly reduced total worm count (69 and 58%, resp.), as well as the reference group treated with praziquantel (49%) when compared with the control group. MFM reduced worm liver and mesentery burden to the extent of 91 and 65% at 100 mg/kg and by 65 and 58% at 300 mg/kg, respectively. By the other side, praziquantel reduced the liver and mesentery worm burden in 48% and 51%, respectively.
There are relatively few reports in the literature that show in vivo schistosomicidal activity of plant extracts [35, 36] . For example, artemether, an artemisinin derivative, used as a prophylactic agent against schistosomiasis japonica in China, at a concentration of 400 mg/kg, was able to reduce 60% of total worms during six days of treatment, in an experimental model [34] . El-Shenawy et al. [36] demonstrated that an alcoholic extract of Cleome droserifolia (Forssk.) Del. branches reduced 33% of worm burden at a concentration of 310 mg/kg. On the other hand, the ethanolic extract of Nigella sativa L., described in folk medicine as possessing The values shown are mean ± SEM ( = 8). a Statistically different from the negative control group. b Statistically different from the positive control group (praziquantel) (ANOVA followed by the Bonferroni test, < 0.05).
c Percentage reduction (%) = {1 − (mean of worms in the negative control group/mean of worms in the groups treated)} × 100.
hepatoprotective and antiprotozoal properties, was not able to reduce the number of worms after experimental infection [37] .
In order to evaluate the ameliorative effect of MFM treatment on liver pathology induced by S. mansoni infection, the levels of total protein content and ALT, AST, and ALP activity were measured in the serum. Total protein content of noninfected mice treated with MFM and praziquantel (Groups B, C, and D) was comparable to the respective control group (Group A) ( Table 3) . On the other hand, the treated and infected mice (Groups F, G, and H) presented a protein content much lower than the noninfected groups. 
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A decrease in total serum protein in the infected animals is attributed to the liver damage caused by infection [36, 38] .
The level of globulin increased significantly in the infected group treated with MFM at 100 mg/kg (Group G) compared to the negative control (Group E) and the praziquantel treated (Group F) groups. This increase in globulin level may represent a responsive mechanism enhancing the immunity of the host [39] . However, there was no significant difference in albumin levels among the infected groups. The A/G ratio content for the infected mice treated with MFM at 100 mg/kg (Group G) is comparable to the negative control group (Group E) and lower than the praziquantel treated group (Table 3) .
AST, ALT, and ALP levels in the infected treated mice (Groups F, G, and H) were significantly lower than those of the respective control group (Group E). These observations could be attributed to the reduction in hepatic granuloma and fibrosis, as well as the absence of necrotic liver tissue, in the infected treated mice. For noninfected mice, these enzymes remained at normal levels (Table 3 and Figure 2 ). The results indicated that the administration of MFM did not cause alterations in the liver function of either the infected or the noninfected mice.
Evaluation of cell profile during infection is one of the strategies to assess which cells are stimulated by events which modify the inflammatory process. The mechanism of selective recruitment of leukocytes to the inflamed tissue is related to chemotactic factors [40] . As depicted in Table 3 , there was a significant decrease in total leukocyte count in the infected treated mice (Groups F, G, and H) when compared to the respective control group (Group E). Although MFM was not able to reduce the granulomatous area, it reduced the number of liver worms and, consequently, the recruitment of leukocytes.
The specific leukometry showed that MFM did not significantly affect the basophil, neutrophil, lymphocyte, or eosinophil count in the noninfected, treated mice (Groups B, C, and D), compared to the respective control (Group A). The neutrophil counts of the infected, treated mice (Groups F, G, and H) were significantly increased, but the eosinophil and monocyte counts were significantly decreased, compared with the negative control (Group E). Therefore, eosinophil and monocyte counts are usually increased in helminthic diseases; those results are in agreement with the reduction of the worm burden caused by MFM.
HPLC Fingerprint.
Under the experimental conditions, the HPLC chromatogram determined for MFM is shown in Figure 3 . Five peaks were detected as kaempferol-Orutinoside, rutin, kaempferol, psychorubrin, and ursolic acid.
This result strongly suggested that kaempferol contributed to MFM schistosomicidal activity. Braguine et al. [41] showed that this compound is able to separate coupled S. mansoni adult worms and to kill adult schistosomes in vitro at 100 M. Also, there are reports on the antihelminthic activity of ursolic acid [42] , but, according to Alvarenga et al. [43] , this compound is not active against S. mansoni adult worms. However, it is noteworthy to mention the welldocumented hepatoprotective properties of ursolic acid, due to the enhancement of the body defense systems [44] , which might have contributed to the lack of alterations in liver function of infected and noninfected mice treated with MFM. In addition, the potent antioxidant effects of rutin [45] , which may be helpful against the oxidative liver tissue damage often caused by S. mansoni infection [46] , are well known.
Conclusions
These results demonstrated that Mitracarpus frigidus might be interesting in schistosomiasis treatment, as it decreased considerably the disease severity by reducing significantly the parasite load without altering liver function. Further studies designed to isolate, identify, and characterize the active constituents of MFM may provide a better understanding of its schistosomicidal mechanism.
